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MULTI-PORT MULTIPLE-SIMULTANEOUS 
ACCESS DRAM CHIP 

This application is a continuation of application Ser. No. 
08/535,395, filed Sep. 28, 1995, now abandoned. 

INTRODUCTION 

This invention relates to a multi-port multi-bank memory 
architected to enable manufacture of the memory in a single 
DRAM chip having a plurality of input/output ports and 
being capable of handling a large number of accesses in 
parallel. 

BACKGROUND 

The prior art has a multitude of Single-port Single-bank 
DRAM memory chips and of memory configurations of 
Such memory chips in Single-port and multiple-port arrange 
ments. However, the prior art is not known to disclose any 
Single chip architecture for Structuring a single DRAM 
semiconductor chip with multiple ports and multiple DRAM 
banks-which is the primary object of the Subject invention. 
A clear distinction needs to be made between different types 
of memory chips. 

For example, U.S. Pat. No. 4,745,545 shows a memory 
using memory banks which “the memory banks are orga 
nized into each Section of memory in a Sequential and 
interleaved fashion”, which is not the way the internals of 
the Subject invention are organized (and in which it is 
believed that each memory bank may be a separate chip). 
U.S. Pat. No. 4,745,545 focuses on having unidirectional 
ports (read or write), and on conflict resolution among its 
ports, and on Supporting an interleaved memory for multiple 
processor accesses, which is not a focus within the chip of 
the Subject invention which does not have unidirectional 
ports. 

SUMMARY OF THE INVENTION 

The invention provides an architecture for a Semiconduc 
tor chip containing multiple bidirectional ports Supporting a 
plurality of independent DRAM banks all packaged in the 
Single chip. This invention can Support access requests from 
plural processors, or plural execution units, connected to 
different ports of the chip. Simultaneously independent 
accesses may be made in the separate DRAM banks within 
the chip without causing conflict among parallel requests to 
different sections of the memory within the chip. Any 
conflict among parallel requests to the same Section of the 
memory may be resolved within the chip. This invention is 
not concerned with acceSS conflict resolution made outside 
of the memory chip. 

Access parallelism provided within the memory Semicon 
ductor chip of this invention enables a high data rate to/from 
the chip to an extent that enables the chip to replace a more 
expensive SRAM (static random access memory) in a 
memory hierarchy of a computer System. For example, the 
chip may be used as a Second level (L2) cache communi 
cating data in parallel to/from plural processor private 
caches in a computer System. 

AcceSS requests to the memory chip may be made by 
multiple execution units and/or instruction unit(s) in the 
Same processor, or by different processors, and the proces 
SorS may be of any type, Such as central processors and I/O 
processors, etc. The Single chip architecture of this invention 
results in a complex high-Speed memory packaged in a 
Smaller Semiconductor die Size than for chips using either 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
SRAM or CDRAM technology for equivalent high-speed 
memory capacity. This DRAM Single chip architecture 
allows lower development cost and lower manufacturing 
complexity than prior memory chips using combined 
SRAM/DRAM technology (as in Cached DRAM). 
A preferred embodiment of this invention combines 

within a Semiconductor chip a plurality of independent 
memory banks (comprised of DRAM arrays) into multiple 
memory Sections, a croSS-point Switch for Simultaneously 
connecting plural data buses of the multiple memory Sec 
tions to a plurality of port registers, and to transfer data 
between the port register and a plurality of ports on the chip 
in either data direction to effectively Support a high data rate 
to/from the memory chip. The data may be transferred 
entirely in parallel between the port and a corresponding 
port register, or the data may be multiplexed between the 
port and its port register in Sets of parallel bits. Each of the 
DRAM banks in the chip is independently addressed 
through a bank address control in the chip which receives all 
address requests from processors in a computer System. 
The banks in the chip are divided into a plurality of 

memory Sections, and all DRAM banks in each Section are 
connected to the same Section data bus, which is connected 
to the matrix switch. Data flows through each data bus into 
or out of one of the port registers through the matrix Switch. 
Each data bus is comprised of a large number of data lines 
that transfer data bits in parallel to/from all of DRAM cells 
in an address-selected row in one of the DRAM banks in the 
Section. 

This invention extends the “banking” concept beyond that 
of prior SDRAM chip technology which uses independent 
Row Address Strobe (RAS) banks of memory cells, com 
plete with their associated I/O overhead, which are multi 
plexed onto the output ports. A "memory Section' concept 
used in this invention Sub-divides each complete memory 
section into plural parallel DRAM banks providing parallel 
address space which time shares the I/O overhead of the 
section. This architecture realizes DRAM latency advan 
tages in multiprocessor Systems without increased Second 
ary data bus overhead (and therefore die area) requirements. 

Across-point Switch within the chip is connected between 
all Section data buses and the plurality of port registers. Each 
port register receives and Stores all parallel bits for a row of 
a bank in any connected Section of the chip. Each port 
register also may be permanently connected to one of a 
plurality of ports of the chip. Each port is comprised of a 
plurality of chip I/O pins, each pin transferring a bit of data 
in or out of the port. The number of parallel bits for each port 
may be a fraction of the number of data bits stored in parallel 
by its port register, and this difference may be accommo 
dated by a bit Selector located between each port and its port 
register. The bit selector selects a subset of bits of the 
register during each cycle for transfer between the port and 
port register, So that k cycles may be used to multipleX a row 
of bits between the port register and its port. 
An I/O Selection control in the chip controls the Switching 

by the cross-point Switch-to accommodate a plurality of 
Simultaneous Section-bus/port-register data transferS in 
either direction. When the matrix Switch connects the plural 
Section data buses to the plurality of port registers, any 
Section data bus may be connected to any port register. Thus, 
the I/O Selection control may simultaneously connect the 
data content of a row in one bank in each of the plurality of 
memory Sections to a different one of the plurality of port 
registers in either direction, in order to pass data in parallel 
between all ports and all data buses. 
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The timing of the parallel data transferS between the ports 
and the banks is Synchronized by System timing used by all 
processors connected to the ports. The processor timing 
Signals are provided to the chip to Synchronize the data 
transferS. Generally, all Section data buses may start and end 
their bank row transferS in the same cycles, the cross-point 
Switch may then switch between the synchronized data bus 
transfers, and all processors may then Synchronously trans 
fer a line of data to/from their assigned ports at the same 
time. 

Extraordinarily high parallelism of both data acceSS and 
data transfer is provided by the novel DRAM structure of 
this invention in its multiple-bank, multiple-data-bus struc 
ture in a Single chip, in which all data-buses may be 
transferring data in parallel to/from different banks in the 
chip, while all other banks in the chip may be Simulta 
neously accessing data in parallel with each other and in 
parallel with all data-buS transfers to/from multiple request 
erS eXternal of the chip. 

The memory access speed of DRAMs and SRAMs is not 
changed by this invention, and each DRAM memory acceSS 
remains substantially slower than a SRAM memory access 
when comparing DRAM and SRAM memories using the 
Same Semiconductor manufacturing technology on the same 
chip size-including in the DRAM structure of this inven 
tion. 

It is therefore not obvious that the subject DRAM chip 
Structure, operating at the slower access Speed of DRAMs, 
actually can provide Substantially faster average memory 
access on a System-wide basis than can be provided with any 
conventional SRAM chip Structure occupying the same chip 
Size and manufacturing technology. Further, the DRAM chip 
Structure of this invention can provide a significantly better 
cost/performance than can Such SRAM chips. 

Yet with the DRAM access time disadvantage, this inven 
tion's DRAM shared cache chip nevertheless obtains sig 
nificantly faster average access time, and a significant cost/ 
performance improvement, over conventional SRAM 
shared caches-particularly for shared caches of the type 
commonly called L2 caches in the prior art. 

In today's technology, the on-chip data bit density of 
DRAMs is about 10 times the bit density of SRAMs. 
Because of the novel DRAM structure of this invention, this 
DRAM/SRAM density difference enables the extraordinar 
ily high access and transfer parallelism to obtain about a 
three times better memory-hit ratio compared to a conven 
tional SRAM cache on the same size chip. In this manner, 
the invention exploits the well-known higher data density of 
DRAM technology over SRAM technology. 

It is therefore not obvious that system level performance 
can be significantly improved by this DRAM invention with 
slower processor access to the Shared cache. That is, the 
invention exploits its extraordinary parallelism capability to 
obtain a very high hit ratio for multiple simultaneous pro 
ceSSor accesses to more than makes up for slower individual 
processor memory accesses. 

Accordingly in the unique chip memory Structure of this 
invention, the DRAM density is exploited by its 
extraordinarily-high parallel accessing and transferring of 
data to improve performance for the DRAM shared cache 
even though individual processor accesses are slower. 

SUMMARY DESCRIPTION OF THE 
DRAWINGS 

FIGS. 1A and 1B represent a unique DRAM semicon 
ductor chip embodiment Structured according to this inven 
tion. 
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4 
FIG. 2 shows a detailed example of the structure of two 

DRAM banks in any section of the chip shown in FIGS. 1A 
and 1B. 

FIG. 3 Shows a computer System arrangement which 
contains an L2 shared cache made of chips of the type shown 
in FIGS 1A and 1B. 

FIG. 4 represents a computer System having an L3 main 
memory comprised of a plurality of chips of the type shown 
in FIGS 1A and 1B. 

FIG. 5 is an address-bit diagram showing relative posi 
tions of Subgroups of bits in a received processor address, 
and operations of these Subgroups in accessing a row of data 
bits within the chip represented in FIGS. 1A and 1B. 

DESCRIPTION OF THE DETAILED 
EMBODIMENT 

FIGS. 1A and 1B together provide a block diagram of 
circuit logic showing the Structure of a unique DRAM 
Semiconductor chip made according to the teachings of this 
invention. This chip may contain an entire memory, or may 
be a part of a memory, for a designated level in a memory 
hierarchy of a computer System. For example, this one chip 
may provide an entire Second level (L2) memory (L2 cache), 
accessed by a plurality of processors (central processors and 
I/O processors) of a computer System. And the chip also may 
Support a level three (L3) main memory of a computer 
System; and Such L3 main memory may be comprised of one 
or a plurality of chips of the type shown in FIGS. 1A and 1B 
to accommodate from Small to very large main memory 
SZCS. 

FIG. 3 is an example of a computer System having four 
central processors (CPUS) accessing an L2 shared memory 
(cache) comprised of a single chip of the type as shown in 
FIGS. 1A and 1B, and accessing a conventional L3 main 
memory which may be made of conventional DRAM chips. 

FIG. 4 shows another computer System having an L3 main 
memory made of a plurality of chips in which each chip is 
the type shown in FIGS. 1A and 1B, but without items 25, 
26, 27, 28 and 29 being in these chips because these items 
are not needed in this main memory configuration. No L2 
shared cache is represented in the system of FIG. 4. 
However, a computer System may have both an L2 shared 
cache and an L3 main memory made from chips of the type 
shown in FIGS 1A and 1B. 

FIGS. 1A and 1B show the preferred embodiment the chip 
which contains data Storage cells, addressing interface cir 
cuits and data interface circuits which may Support a mul 
tiprocessor having four independently operating central pro 
cessors (CPUs) and one or more I/O processors. The plural 
processors may be simultaneously accessing data (reading 
and/or writing data) in different DRAM storage banks in the 
chip. 
The chip structure shown in FIGS. 1A and 1B is logically 

divided into distinct parts, including DRAM Storage parts 
shown in FIG. 1A, and an input/output part shown in FIG. 
1B. The storage part in FIG. 1A comprises four DRAM 
memory Sections 1, 2, 3 and 4. Each memory Section 
contains four DRAM Storage banks connected to one data 
bus 5. The four storage sections 1, 2, 3, 4 each have a 
respective data bus 5-1, 5-2, 5-3, 5-4. The four sections 
therefore have a total of 16 DRAM banks 1.1 through 4.4. 
Chip Memory Sections and Bank Addressing 

Further, each DRAM bank is connected to a respective 
one of sixteen address buses 11-1 through 14-4, which are 
connected to a bank address control 10 within the chip. Bank 
address control 10 may receive all memory addresses 
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requested by all processors wanting to acceSS data in any of 
the 16 banks in memory sections 1, 2, 3 and 4. Control 10 
may be simultaneously providing plural addresses on buses 
11-1 through 11-4 for simultaneously selecting the drivers 
for one of matrix rows in multiple banks. 

Bank address control 10 receives and handles a memory 
address size compatible with the overall memory size Sup 
ported by the 16 DRAM banks. For example, the 2304 bit 
matrix line size Supports a chip byte line size (at the chip I/O 
interface) of 256 nine bit bytes, or of 288 eight bit bytes 
(256x9=2304) or (288x8=2304), depending whether each 
chip byte uses an extra bit as a parity error check bit. 
Hereafter in this specification the 256 byte line is used, since 
parity checking is desired in the preferred embodiment. 

The manner of memory address assignment to the banks 
is Subject to the manner in which the memory is being used 
in a System. The preferred embodiment presumes that a 
unique byte address is assigned to each byte of 9 bits (8 data 
and 1 parity) in the memory; consecutive numbers may be 
assigned as memory real addresses-from 0 through a 
maximum byte address available in the memory chip. Each 
of the Sixteen memory banks may be assigned a unique 
block of consecutive byte addresses, and this assignment is 
presumed to have been made in the preferred embodiment. 

The division of the bits in each received address is 
represented in FIG. 5, which is discussed later herein. 

Each address to be accessed in the chip is received at a Set 
of chip address pins (they could be received serially multi 
plexed over one or more pins or in parallel on a set of pins). 
Internal to the chip, the chip address pin(s) are connected by 
an address bus 16 to the bank address control 10. Address 
control 10 contains conventional circuits (not shown) which 
detect the bank address ranges assigned to each of the 
Sixteen banks to Select the one of the bank address buses 
11-1 through 14-4 which has the row of DRAM cells 
assigned the received byte address. Control 10 also has a 
busy latch for each bank which can be selected only if its 
busy latch is Set to a non-busy State. 

If any bank is busy when it receives an address, control 
rejects the address by Sending a rejection signal on bus 16 to 
the Sending processor So that it can resend the address as a 
new request until it finds the required bank in an unbusy 
State in which case the address is accepted and the bank latch 
is Set to a busy State. 

In the preferred embodiment, the chip is used as a shared 
cache (L2) in a computer System (not shown) having four 
central processors (CPUs) which may be called CPUs A, B, 
C and D. Computer configurations with L2 caches are well 
known. In this embodiment, the memory chip has four ports 
A, B, C and D which are respectively assigned to CPUs 
having the like letter designations port A handles all 
accesses for CPU A, port B handles all accesses for CPU B, 
etc. Thus in this embodiment, all L2 cache data accesses of 
a respective CPU are transferred through its permanently 
assigned port. 
Bank timing 

Only a very short time is needed for control 10 to receive 
an address from buS 16, and to Select and transmit the 
address to a required bank compared to the amount of time 
required for that bank to access the requested row of data 
having that address. Consequently, bank address control 10 
may receive and Send many addresses to many different 
banks during the time that one bank is accessing data. 

The object of the plural memory sections is to try to 
maintain all banks accessing data Simultaneously. This 
invention allows a Synchronous timing relationship to be 
directly used among the different memory Sections-to 
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6 
enable one bank in each of memory Sections 1, 2, 3 and 4 to 
be simultaneously transferring data in either direction on the 
four data buses. In this embodiment, data transfers by banks 
in different Sections Start and end together during a transfer 
cycle Sequence. For example, each bank may transfer a line 
of data in a Sequence of four machine cycles, in which a 
bank in each Section starts its transfer in cycle 1 and ends the 
transfer of the line in cycle 4. The transfer cycles may be 
driven by the same System clock that drives all processors in 
the System. 

There is no conflict among four Simultaneous data trans 
fers by four banks (one per memory Section), Since the data 
in each Section is for an independent processor in the 
embodiment. 

Requests from the multiple processors are received by 
bank address control 10 which handles the requests in a 
first-in-first-out (FIFO) order for each processor in selecting 
banks for the requests. Each bank is assigned a unique range 
of addresses in the Sequence of addresses represented in the 
chip memory. If a next processor request is received for a 
bank while it is has an active request, the next request must 
wait in control 10 until the required bank becomes non-busy 
(available), which happens when it completes its current 
request. 

It is theoretically possible to have all 16 banks of the chip 
in a busy State at the same time. It generally takes each bank 
Several cycles to perform the DRAM operations to access a 
row of data and latch the row in the bank's buffer latches. 
These DRAM operations may occur in parallel in the banks 
of different Sections, and they may overlap each other in the 
four banks of each Section. 

In this embodiment, each DRAM bank accesses a row of 
4608 data bits which are latched into DRAM sense-amplifier 
latches in the bank, and a DRAM cell matrix restore 
operation may begin. The data restore proceSS and the data 
transfer to/from these latches are independent of each other. 
During the next cycle of the connected data bus, a group of 
576 data bits (one eighth of the 4608 bit row) may be 
transferred between the Sense-amplifier latches in the bank 
and a Selected one of four output port registerS 6A, 6B, 6C 
or 6D through a cross-point Switch 20 shown in FIG. 1B to 
transfer the data to/from data I/O ports A, B, C and D on the 
chip. One half of a latched row (2304 bits) may provide the 
bank input/ouput for a single acceSS request-which is 
transferred on the connected Section data bus as four "page' 
groups of 576 bits. 

Thus, the four data section buses 5-1, 5-2, 5-3 and 5-4 
each have transfer cycle Sequences for their respective 
banks. These four data buses have their transfer cycle 
Sequences operate in parallel and they are Synchronized with 
each other. The first transfer cycles Start at the same time for 
all data buses. During the first cycle, control 10 accesses in 
its association table for the row of entries to be next serviced 
for a transfer between banks and ports. 

However, not all four Sections may have banks simulta 
neously in operation, depending on the request activity from 
the processors. Anywhere from one to four banks may be 
Simultaneously making transfers to/from port registers on 
the respective Section data buses during any of the Synchro 
nized transfer cycle Sequences. Accordingly, up to four of 
the Section data buses may be making data transferS in 
parallel. 
Controls in Bank Address Control 10 
The L2 cache embodiment operates with a fixed port/CPU 

relationship. Each requesting processor provides a two-bit 
processor identifier (PROC-ID) on a PROC-ID bus 17 to 
bank address control 10 when the processor sends a 
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requested byte address on bus 16 to control 10. Control 10 
uses the byte address to Select the one of the Sixteen banks 
containing the requested address, Stores in an association 
table the PROC-ID, the bank identifier of the selected bank, 
and its section identifier. Control 10 then initiates the 
Selected bank to access its row containing the requested data. 

In this embodiment, the PROC-ID assignment to a bank 
determines the port which must handle the bank data transfer 
resulting from the request, due to the embodiment's perma 
nent assignment of ports to processors. The association table 
in control 10 maintains the current bank/processor assign 
ments for each of the active banks in the chip. 

The association table may be organized in four columns, 
one column per PROC-ID, comprising columns A, B, C and 
D for the four ports that correspond to the processors in this 
embodiment. Each row in the association table may be used 
with each parallel transfer cycle Sequence Synchronized for 
all of the four section data buses. A next row in the table may 
be used to control the next transfer Sequence when the 
transfers are completed for the prior row in the table. After 
the last row is used, the first row may be re-used next, etc. 
in a round-robbin Sequence in the table. 

Each row in this table has four entries which store the 
Section and bank identifiers for four Selected banks (one per 
Section), each table entry representing a three-way PROC 
ID/bank-identifier/section-identifier association for one of 
the Sixteen banks Selected for handling one processor 
request. When the table is organized in PROC-ID columns, 
each entry need only actually Store bank and Section iden 
tifier values to make the three-way association for each 
request. 
I/O Communications by Bank Address Controls 10 

Each bank completes its accessing by latching the DRAM 
row containing the requested data. At that time, control 10 
signals on lines 31-34 to the I/O selection control 21 the 
section identifiers (5-1, 5-2, 5-3 or 5-4) stored in the current 
row in the association table for up to four port transfers, 
determined by how many of the four entries in the row are 
Storing transfer requests. 
Then I/O control 21 signals this setup information on bus 

22 to the cross-point Switch to Set up the transfer paths 
internal to switch 20 required by the identified section/port 
associations signalled on lines 31-34 between controls 10 
and 21. After the Switch path Set up is done, the next transfer 
cycle Sequence can begin Simultaneously between up to four 
of the Section data buses and currently associated port 
registers. 

Then, a transfer cycle Sequence comprising four Sequen 
tial machine cycles is started on the Section data bus con 
nected to the bank, during which a Selected one-half of the 
latched row is transferred in four parts (one part per cycle) 
between the bank latches and the Switch Set up port registers 
6A, 6B, 6C and 6D. The set up port register are the register 
currently connected with the port identified in an entry in the 
association table in control 10. 
The transfer Sequence of four data cycles proceed in 

parallel for each of the four data buses. When the cycle 
Sequence is complete, the four current entries in the table 
(for the Section/port associations of the currently completed 
transfers) are set to an available State in a bank availability 
table in control 10 to make them selectable for handling new 
proceSSOr requests. 
Cross-point Switch Operation 

During each of the Synchronized transfer cycle Sequences, 
control 10 steps to its next set of four entries (representing 
a set of up to four bank Selections) in the association table. 
That is, these four entries determine the next set of from Zero 
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to four Section data buses which will be making transfers 
during the next Synchronized transfer cycle Sequence, and 
these entries are read from the table to provide Section-bus 
identifier/PROC-ID associations, which are signalled on 
lines 31, 32, 33 and 34 to I/O Selection control 21 to control 
path setups in cross-point Switch 20. Lines 31, 32, 33 and 34 
respectively correspond to the ports A, B, C and D. Any 
Section data bus not currently having a valid Section-bus 
identifier/PROC-ID association entry in the table does not 
have any signal active on its line 31, 32, 33 or 34; and no 
connection is then made for it during that transfer cycle 
Sequence to any port. 

Thus, the cross-point Switch 20 makes data-bus-to-port 
register Selections based on the Signals on lines 31, 32, 33 
and 34. 
Number of Processors 

It should be understood however that the invention may 
Support any number of processors which may be Switched 
among the ports, and the permanent CPU port connections 
of the described embodiment are merely representative of 
port use in the preferred embodiment. Many other Scenarios 
of the port assignment may be used. The efficiency of 
operation of the chip may be impacted by the way processors 
use the ports. For example, chip accessing efficiency might 
be increased over permanent processor/port assignments by 
a dynamic assignment of processors to ports. Dynamic port 
assignment may increase the complexity of processors han 
dling memory accesses. Thus, dynamic port assignment may 
allow the same processor to be concurrently accessing data 
in the multiple banks of different chip sections 
Simultaneously, which may be able to utilize chip cycles that 
might not otherwise get used; in Static port/processor 
assignment, a processor can only be accessing in one bank 
at a time. 
The required data-buS/port-register path connections in 

cross-point switch 20 must be made before a data transfer 
can Start between the banks and the port registers. The path 
connections in the croSS-point Switch are then made at the 
beginning of the first cycle of each transfer cycle Sequence. 
Chip I/O Controls 

FIG. 1B shows input/output data controls in the chip that 
control data transfers between the port registers 6A, 6B, 6C 
and 6D and respective ports A, B, C and D. These I/O 
port/port-registers data transferS overlap the DRAM opera 
tions in the banks. I/O Selection control 21 controls these 
data transfer and Starts them when a transfer data Sequence 
is to be made between the ports and the port registers. 

In the preferred embodiment, the number of parallel bits 
provided for each port is by a number of I/O port pins which 
is an integer Submultiple of the number of bits in each data 
line Stored in the port register. The preferred embodiment 
has 72 pins/port which transfer 72 bits in parallel bits 
between the port and its port register. Also, the preferred 
embodiment stores a data line of 2304 bits in each port 
register-So that each port uses a Submultiple of 32. This 
Submultiple determines that 32 transferS are required to 
transfer all data in a line of 2304 bits between the port and 
its port register. Bit selectors 7A, 7B, 7C and 7D control 
these 32 transferS for each port/port-register connection. 
Signal amplifiers Di/Do 8A, 8B, 8C and 8D connect 
between the respective ports and their bit Selectors to 
provide Signal amplification in both transfer directions. 

I/O selection control 21 signals on line 24 when the bit 
Selectors 7 can Start a next Sequence of transfers, which may 
be started when the port registers are only partially full. For 
example, each port register may be filled by four 576 bit 
"pages” in four parallel transferS for each row Stored in bank 
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latches, and as Soon as these 576 bits are in the port register, 
the bit selector 7 may start eight transfers of 72 bits to 
transfer these 576 bits. The second set of 576 bits may be 
transferred by the bank to the port register while bit selector 
7 is making its first eight transfers of 72 bits from the port 
register to the port for the first 576 bits, or it may complete 
earlier, Since this timing is not Stringent. 

Accordingly, most of the 32 transferS for the port may 
overlap the four transfers from the bank, so that little extra 
time is needed for the port transferS over the bank transfers, 
and that extra time may overlap DRAM activities in the bank 
for its next Selection. These overlapping transfer operations 
are well known multiplexing operations, although not in the 
environment of this invention. 

Hence, multiplexing is used in the preferred embodiment 
to enable each port to be supported by only 72 I/O pins in 
parallel to the requesting processor, Since a chip generally 
has a limited number of I/O pins available. 

The effect of this type of croSS-point Switching is to enable 
any of the 16 DRAM banks to have its data connected to any 
of the four ports A, B, C and D. 
DRAM Bank Structure 

FIG. 2 shows the circuit layout within each DRAM bank 
of banks 4.2 and 4.3. Each DRAM bank contains two 
matrices of DRAM Storage cells on opposite Sides of a row 
buffer and multiplexor, which provide the interface of the 
bank to the connected data bus 5. The row buffer is con 
nected to two Sets of row Sense amplifiers, one Set connect 
ing to each DRAM matrix. Each DRAM matrix also has 
connected column drivers, row drivers, Sense amplifiers and 
data latches. 

In this embodiment, the row buffer stores a data line 
containing 4608 data bits, which is the number of data bits 
in each row in any DRAM matrix. One-half of the row is 
Selected by the requested address as the bank's input or 
output from/to the Section data bus. 

The multiplexor provides a “paging mode” type of opera 
tion in which it transfers the selected one-half row as four 
“pages” of 576 bits (one page at a time) between the row 
buffer and the connected data bus (5-1, 5-2, 5-3 or 5-4) to 
transfer each 2304 bit one-half data line (i.e. 4x576=2304). 
Thus, each data bus (5-1, 5-2, 5-3 or 5-4) comprises 576 
signal lines which transfer a parallel set of 576 data bits 
to/from each latched row buffer under multiplexor opera 
tion. The Sense amplifiers, row buffers, and multiplexors are 
of the type found in conventional DRAM memories for 
Storing, reading out and recharging data bits in DRAM cells 
a row at a time in any bank matrix. Each of the 16 banks has 
the same internal layout. The row buffer and multiplexor 
circuits in each bank are vertically centered in each cell 
matrix for parallel communication to the connected data 
buses. The sense amplifiers are connected to the row buffer 
for reading data into and out of the matrix. Restore circuits 
(not shown) of the conventional type are used with the 
DRAM circuits and are connected to the row buffer and 
column lines for restoring the charge in each row when it is 
read out, and periodically to prevent destruction of data by 
loSS leakage. 

The restoration proceSS is one of a Sequence of StepS used 
in each DRAM data access, and the restoration Step slows 
down accessing in DRAM storage media (compared to 
accessing data in SRAMS and other Semiconductor Storage 
media which do not require a restoration step on readout). 
However SRAM media have the disadvantage of having 
much less data density compared to DRAM media (fewer 
bits per unit of silicon die area). This is caused by a SRAM 
cell requiring up to 6 transistors per bit cell compared to a 
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10 
DRAM cell requiring only one transistor+Storage capacitor 
per cell. It is well known to those skilled in the art of DRAM 
cell design how to place part of the cell transistor over or 
under the Storage capacitor to further increase the data 
density. There is no equivalent structure for SRAM cells 
known in the current art so the data density ratio of DRAM 
to SRAM is over 10 to 1. 

In this regard, the Simultaneous bank accessing by this 
invention takes advantage of the high data density in the 
DRAM media (compared to the lower data density in SRAM 
media) to outweigh the DRAM disadvantage of restoration 
time loss not occurring in the SRAM media. The simulta 
neous asynchronous accessing in plural DRAM banks in all 
Sections and their Simultaneous transfer of data to/from the 
output port registers allow multiple data requests to be 
Simultaneously accessed while previously requested data are 
being transferred to the processors over a multiple output 
port interface. Both data write and data read accesses can 
occur Simultaneously in different banks in the chip. 

In Summary during a read cycle Sequence for any bank, 
memory cell data is latched into each bank's Sense amplifier 
latches. This operation can occur Simultaneously with, or 
asynchronously to, read or write operations by other banks 
within the Same memory Section. Sense amplifier latch 
information from any bank within the same memory Section 
is then time multiplexed onto parallel lines in each Section 
data bus 5 via a tri-stateable row buffer resident in each 
bank. Time Scheduling for this multiplexing function is 
controlled for the I/O selection control 21. Immediately after 
transfer of data bus information to the proper port register 6, 
the Selected bank can either restore in preparation for a new 
row address, or can operate in DRAM page mode, main 
taining control of the data bus, and transferring another 576 
bits to the proper port register. After Some number of Such 
transfers, as controlled by the I/O selection control 21, 
control of the shared data bus is relinquished and passed to 
another bank in the same memory Section. 
A write cycled Sequence operates in the same manner but 

with a transfer in the other direction relative to the port. 
Burst Mode Operation 
AS previously explained herein, each bank read operation 

transferS 2304 bits of a 4608 bit latched row in four sets of 
576 parallel bits, herein called “pages', to a port register; 
and then the respective pages in the port register are trans 
ferred in thirty-two 72 bit parallel units to a connected port, 
where each 72 bit unit is outputted to the requesting pro 
ceSSor. In a memory read operation, the four pages of each 
outputted row are transferred from the chip in a “burst' 
Sequence of 72 bit parallel units. Each burst Sequence begins 
by outputting the “first 72 bit unit in the accessed row, 
which is the 72 bit unit containing the byte addressed by the 
current processor request being accessed. 

But before the first 72 bit unit can be outputted from the 
port register, the data must previously have been transferred 
from the bank to the port register in 576 bit parallel units in 
this embodiment. Thus the burst Sequencing of the data in an 
accessed row requires that the “first 576 bit page of the row 
be transferred from the bank, and the first 576 bit unit is the 
unit containing the byte addressed by the current processor 
request being accessed, and this 576 bit unit therefore 
contains the first 72 bit unit of the row. 
The general procedure for determining a first data transfer 

unit in a DRAM row is well known by DRAM page 
Selection means taught in the prior art, and is used as an 
element in the Subject invention. This first page determina 
tion is done using the three page Select bits shown in FIG. 
5 taken from the processor address which is done by circuits 
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(not shown) within address control 10 in FIG. 1A, from 
which the determination of the first page, and each following 
page, is signalled on lines 25 from control 10 to a four-way 
select register 26, which enables only the 576 line providing 
the first page in each of four Section buses, each bus 
comprising 2304 lines. Each of the next pages are likewise 
Sequentially enabled under control Signals received on line 
25 to register 26. (It will be recalled that four banks, one per 
Section, may be Simultaneously outputting a latched row 
the banks being Selected by an active four of the address 
select buses 11-1 through 14-4.) 
Of the 3 page bits in the address shown in FIG. 5, the 1st 

of these 3 bits is used to select one-half of the latched row. 
The other 2 of the 3 page bits select the first page of the four 
576 bit pages in each latched row for readout to a selected 
port register. The other three pages in each row are Selected 
Sequentially following the first page in the increasing 
address direction, and wraps to the lowest address page in 
the row when necessary to Select a next of the four pages. 

Signals on buses 31 through 34 from control 10 to control 
21 communicate the locations of the first 72 bit unit in each 
of the pages transmitted to the respective port registers 
Simultaneously on each of the four Section buses. These bus 
locations for each of these first 72 bit units is provided by 
control 21 on bus 24 to all of bit selectors 7A, 7B, 7C and 
7D, so each can independently select its respective first 72 
bit unit of a row. Then the bit selectors 7A, 7B, 7C and 7D 
Sequentially Select the remaining 31 units of the row from 
each page when each page is provided in the respective port 
register. 

In FIG. 5,3 bits are shown for selecting each of the eight 
72 bit units in each of the pages immediately after each 
pages is sent to the port register. When the first 72 bit unit 
is not at the lowest address in the first page, it may be 
necessary for control 21 to Send Signals to the bit Selectors 
for wrapping the 72 bit unit address back to the beginning of 
the first page of the current row in the port register. 
Main Storage Interface 

The preferred embodiment of the invention as an L2 
cache includes an interface between the DRAM array and 
the main Storage So that operations between the cache and 
main Storage do not busy the ports to the connected proces 
sors. When circuitry labelled “directory logic and tag array' 
in FIG. 3 determines (according to cache management 
algorithms well known in the art) that data must be trans 
ferred between the main storage and the cache array (or vice 
versa), a sequence similar to the operations of a processor 
port as previously described is initiated. 

Using a cast-out (transfer of data from one DRAM cache 
bank to main Storage) as an example, Bank address control 
10 would send the read address to a bank, and control the 
transfer of the resulting data in the Sense amplifier latches to 
register 26 via the built in four way selector (a simplified 
version of the crosspoint Switch used for the port registers). 

Other circuits (not shown) in FIG. 1A generate a corre 
sponding main Storage address representing where the data 
are to be Stored. When the main Storage is ready to recieve 
the data, the contents of register 26 is multiplexed by the 
burst mode address controls 27 to the memory via the data 
buS 29. 

Fetching from main Storage to the cache on a cache miss 
proceeds in a similar fashion with the data from main Storage 
filling register 26 prior to writing the appropriate bank. Bank 
controls 10, bus 31-34, and I/O selection control 21 may 
also Send the data directly to the port register of the 
requesting processor in the order of the requested data first 
burst algorithms well known in the art of cache design. 
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Main Storage (L3) Configuration 

FIG. 4 shows an example of a computer System contain 
ing an L3 main storage (main memory) configuration, made 
from a plurality of DRAM chips of the type shown in FIGS. 
1A and 1B, but without items 25, 26, 27, 28 and 29 being in 
these chips because these items are not needed in this main 
memory configuration. Although two chips 42 and 43 are 
shown, any number of chips may be used in the main 
memory configuration depending on the capacity required, 
Since the memory capacity increases as the number of chips 
increases. 
The ports of each of chips 42 and 43 are respectively 

connected to buses of the four processors, as explained for 
the buses connecting to the chip in FIGS. 1A and 1B. 
The memory real addresses are divided up among the 

banks in both chips 42 and 43. For example, suppose the 
memory has 512 MegaBytes (MB) of storage, which is 
divided between two chips, each containing 256 MB of 
storage. In such 512 MB memory, each of the 16 banks in 
each chip may contain 16 MB of Storage. 
Many different manners of assigning the memory 

addresses to the plural chips 42 and 43 may be used. Any of 
Several types of memory interleaving may be implemented, 
Such as putting even word or line addresses in chip 42, and 
putting odd word or line addresses in chip 43. If no inter 
leaving is used, one chip may contain addresses 0 to 256 
MB, and the other chip may contain addresses 256 MB to 
512 MB. 
The processor address buses also connect to a chip Select 

address decoder circuit 41 which Steers each processor 
request to the correct chip containing the processor 
requested address. Lines 44 and 46 from circuts 41 select 
and enable one of chips 42 and 43 for reception of the 
current processor address to the chip. For even/odd line 
address interleaving, the even/odd bit at the data-line bound 
ary location in the address (a well-know concept) may be 
detected by circuit 41 to steer the address between the two 
memory chips, in which even lines are Stored in chip 42 and 
odd lines are Stored in chip 43. For no interleaving, the 
highest-order bit of the processor address may be used to 
Steer the address to the correct memory chip. Many other 
interleaving and non-interleaving methods may be apparent 
to those in the art. 

It should be understood that the embodiments described 
herein have been provided by way of example and not by 
way of limitation. In light of the foregoing description, many 
modifications and variations exist which do not depart from 
the Scope and Spirit of the invention as defined by the 
appended claims. 
We claim: 
1. A Semiconductor memory chip having thereon a large 

number of DRAM memory cells for use in a computer 
memory, comprising the following elements being within 
the chip: 

a plurality of memory Sections, each memory Section 
containing a plurality of DRAM banks, 

each DRAM bank containing a plurality of the DRAM 
cells, each DRAM bank also containing a latch buffer 
for latching a binary state of a selected row of DRAM 
cells in the DRAM bank, the latch buffer inputting/ 
outputting data for the Selected row, 

a plurality of Section data buses, each Section data bus 
being connected to the latch buffers of the plurality of 
DRAM banks of one of the memory sections, 

bank address control circuits for receiving memory access 
request addresses and for selecting one of the DRAM 
banks containing each requested address, and the 
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DRAM bank Selecting the row containing the requested 
address and setting the latch buffer of the DRAM bank 
to a bit state of the row while up to all of the other 
DRAM banks in all of the sections in the chip are 
Simultaneously accessing other requested data, a plu 
rality of input/output ports for transferring data Signals 
between the chip and processors, and a cross-point 
Switch within the chip for simultaneously connecting 
the Section data buses to the input/output ports along 
Selected Switched paths, the Switched paths indepen 
dently transferring randomly accessed data between 
DRAM banks currently selected for accessing 
requested addresses and input/output ports connected 
to processors providing the requested addresses, 

an input/output Selection control connected to the croSS 
point Switch for controlling Selections of Switched 
paths in the cross-point Switch in response to current 
requests from processors, 

a plurality of port registers respectively associated with 
the input/output ports, and the port registers connected 
to one side of the Switched paths and the Section data 
buses connected to the other side of the Switched paths 
in the croSS-point Switch, and 

a multiplexor connected between each port and an asso 
ciated port register to enable a Subset of bits in the port 
register to be transferred in parallel between the port 
register and the associated port, the Subset of bits being 
a unit of parallel transfer between the chip and a 
requesting processor, and no multiplexer being 
required in the chip when all bits in the port register are 
transferred in parallel between the port register and the 
asSociated port. 

2. A Semiconductor chip having thereon a large number of 
DRAM memory cells as defined in claim 1, further com 
prising within the chip: 

any of the Section data buses transferring a plurality of 
parallel groups of bits of the row in the latch register of 
one of the DRAM banks currently connected to the 
Section data bus and one of the port registers connected 
to the same Switched path as the Section data bus. 

3. A Semiconductor chip having thereon a large number of 
DRAM memory cells as defined in claim 2, further com 
prising within the chip: 

a clocking input to the chip being provided by processor 
clocking circuits, Switched paths in the cross-point 
Switch being Selected and Set up prior to a data transfer 
on the Section data buses, and parallel data transfers 
between the port registers and Section data buses being 
Synchronized by the clocking input. 

4. A Semiconductor chip having thereon a large number of 
DRAM memory cells as defined in claim 3, further com 
prising within the chip: 

data transferS on the plural Section data buses being 
provided in parallel from different DRAM banks in 
different Sections for different processor memory 
acceSS requests. 

5. A Semiconductor chip having thereon a large number of 
DRAM memory cells as defined in claim 4, further com 
prising within the chip: 

the data transferS provided in parallel on different Section 
data buses being bidirectionally independent of each 
other. 
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6. A Semiconductor chip having thereon a large number of 

DRAM memory cells as defined in claim 5, further com 
prising within the chip: 

a Switch for connecting the row latch in each DRAM bank 
to one of the Section data buses for an input/output 
cycle when the DRAM bank has a row latched in its 
row buffer. 

7. A Semiconductor chip having thereon a large number of 
DRAM memory cells as defined in claim 6, further com 
prising within the chip: 

the plurality of ports being connected to different 
processors, and 

plural bidirectional data transfer paths in the cross-point 
Switch being Set up prior to each data transfer occurring 
between the DRAM banks and the section data bus, and 
the data transfer paths connecting the Section data buses 
to the ports connected to processors requesting the data 
being transferred on the Section data buses. 

8. A Semiconductor chip having thereon a large number of 
DRAM memory cells as defined in claim 7, further com 
prising within the chip: 

each of the data transferS on the plurality of Section data 
buses being made during a predetermined number of 
processor cycles. 

9. A Semiconductor chip having thereon a large number of 
DRAM memory cells as defined in claim 8, further com 
prising within the chip: 

one or more processor cycles during Simultaneous 
accesses in a plurality of DRAM banks overlapping one 
or more processor cycles during Simultaneous transfers 
by a different set of DRAM banks on a plurality of 
Section data buses. 

10. A computer System having a plurality of chips pro 
Viding a main memory of the computer System, each chip 
internally structured as defined in claim 1, further compris 
ing 

a plurality of processors having data buses respectively 
connected in parallel to plural input/output data ports 
on each chip, 

chip Selection circuits connected to address Signal lines 
from the processors for receiving each address Sig 
nalled by any requesting processor for Selecting the 
chip having the address, 

the chip receiving the address Signalled to the memory 
Selection circuits for Selecting a memory bank contain 
ing requested data when the address is located in the 
bank, and 

the Selected bank in the chip accessing the requested data 
at the address, and the chip presenting the requested 
data to the requesting processor through one of the 
input/output data ports on the chip. 

11. A computer System including a main memory and a 
plurality of processors, a shared cache memory for the 
plurality of processors being comprised of at least one other 
chip made as defined in claim 1, further comprising 

the plurality of processors respectively connected to inde 
pendent ports on the chip, and the chip signalling the 
main memory's chip Selection circuits for cancelling an 
access of requested data in main Storage when the 
request obtains requested data from the shared cache. 
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